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INTRODUCTION 
There are many methods to measure the propelties of composite matelials. For 
instance, the elastic constants of Olthotropic composite materials can be identified from the 
measurement of waves velocities by cutting the samples in various directions to access to all 
constants [1] . These destructive measurements are not available when the purpose is to 
follow the evolution of materials after or during the exposure of a damage (stress, cOlTosion, 
temperature ... ). Composite mateIials are often made of the plies superposition in the shape 
of thin plates [2]. So, the well-known immersion method [ 3,4,5 , 6 ... ] is very well 
adapted to the non-desu"uctive evaluation of plate shaped, Olthotropic matelials. 
In this paper, we present an extension of this method to follow the stiffness tensor 
evolutions when the temperature approaches the glass u'ansition temperature. 
First, it is interesting, frC'm an engineering point of view, to know the elastic behavior of 
composite materials versus temperature. The second aim of this method, is to let us easily 
change the propelties of one of the material constituents. Then micromechanical models to 
predict elastic moduli can be compared to the measurement, and validated or refuted. 
Results are given for neat epoxy matrix and unidirectional glass fibers composite. The 
quality of measurements is tested by comparison with classical prediction model. It is 
verified that not only the initial propelties are anisotropic, but also their vmiations. 
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Figme 1. Definitions of coordinates system and tensor of elasticity. 
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The existence of tlu'ee mutually orthogonal planes of symmetry imposes the 
Olthotropic class of symmetty [7], and the corresponding elasticity tensor [Cij ] with nine 
independent constants is given at figme 1. This preliminalY study is limited to unidirectional 
fibers composites. So, there are only five independent constants [7] Cll , C66 , C33 , C55 , 
and C13 to desclibe the composite elasticity. The small plate-shaped sample is immersed 
between immersion broadband tt'aIlsducers and sustained with a goniometer to impose the 
angle of incidence e. The measurements of velocities versus e in the planes of symmett·y 
Pl2 and P13 (Fig. 1), lead to the identification of Cij in the planes of incidence [4 .. 6]. To 
reach the temperatmes for which the constants are changing ('" lOO°C to 150°C), we used 
broadband ('" 1 to 4 MHz), commercial tt'ansducers sustaining temperatures up to 250°C. A 
low viscosity silicone oil is the coupling medium for temperatures higher than 70°C. 
The wave velocity in water versus temperature is well known, but the wave velocity in oil 
needs to be measured. 
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High temperatme immersion o'ansducers 
/ 1~1~~Ull 
Temperature Probe Resistance 
Figure 2. High temperatme, immersion ultrasonic system. 
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Figure 3. Evolution of wave velocities in water and oil versus temperature. 
The velocity V in the sample, for a given angle e, is obtained from the difference in times of 
flight .-1t between the wavefOlm transmitted without sample (reference) and with sample, by 
the equation : 
V=VO/~I+a(a-2cos(e) , (1) 
where a = Vo.-1t/e, e is the sample thickness and Vo the coupling medium velocity. When 
measuring V, Vo is a known quantity. The equation (1) can also be used to measure Yo, if 
V is known. First we measured the velocity of a glass sample immersed in water as coupling 
medium and velified that the properties of glass are constant in the range of temperatures 
1O .. 70°C. Then the glass sample was immersed in oil and V 0 was measured versus 
temperature using equation (1). The best fitting of the expe11mental values of velocities in oil 
(Fig.3) gives the expression: 
V 0 = 1. 662 - 0.00342 T mm/IlS . (2) 
This linear evolution is used with equation (I) to measure the samples velocities 
versus the temperature, when they are immersed in oil. The system was tested by measuring 
the glass velocities in the range of temperatures 20 .. 120°C. Figure 4 gives the actual enors. 
The mean values of the longitudinal and shear velocities ( Cl = 5,86 ± 0,02 mm/IlS and 
Ct = 3,28 ± 0,05 mm/IlS) were found stable enough to st311 using the system. The sample 
and coupling medium velocities do not rapidly change with temperature, but there is a real 
difficulty to measure precisely the velocity with this substitution method. The time of flight 
(TOF) between transducers is around 100 IlS. The pelturbation introduced by the sample is 
about 2 Ils. For an acceptable measurement, the relative TOF stability needs to be about 10-4 
which conesponds to a temperature stability of 0.1 °C along the waves path. This is not 
currently achieved and is the main source of errors. 
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Figure 4. Velocities in glass versus temperature. 
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Figure 5. Elastic properties of neat matrix versus temperature. 
The method is tested on a material made of epoxy mauix reinforced with long 
unidirectional E-glass fibers. The composite sample has 32 plies. The mass density is 1.79 
gr/ cm3 , the thickness is 5.72 mm and the volume fraction of fibers is V f = 0.448. 
To predict the elastic constants of the composite, a sample made of neat matrix was cured in 
the same conditions and it is supposed to have the same properties as the composite mauix. 
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The best and simplest models for the variations of the matrix elastic properties with 
temperature are optimized from the measurements (Fig.5) and give two equations that are 
used to predict the elastic propelties of the composite: 
Cllm = 8.19 -0.015 T -0.00011 T2 GPa and C66m = 1.81-0.0096 T GPa. (3) 
Figure 6 shows the velocities in the plane P13 for the two exn-eme temperatures 20°C and 
130°e. Clearly, the relative changes of the longitudinal properties are gl-eater in the direction 
1 (perpendicular to the fibers)than in the direction 3 (along the fibers). This is easily 
explained by the fact that the longitudinal propelties of the material in direction 1 are 
essentially conn'olled by the mattix, and by the fibers in direction 3. 
COMPARISON WITH MICROMECHANICS MODELS 
The equations (3) giving the matrix properties, are included in a micromechanic 
model to predict the propelties of the composite materials versus the temperature and to 
compare them with the experimental data. The E glass fibers characteristics can be found in 
the literatUl-e Cllr = 90 GPa and C66r = 30 GPa. The fibers volume fraction is V f = 0.448 
and Vr =1-Vm • 
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FigUl-e 6. Velocities in the plane P13 for two temperatUl-es 20°C and 130°e. 
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To adapt the Hashin's [8,9] model, based on engineering constants, to the elastic constants, 
the Coulomb's moduli 0f,Gm, bulk modulikf,km, Young's moduli Ef,E m and the 
Poisson's ratios vf, vm offibers and matrix are easily obtained from the equations: 
E = C66 (3Cll - 4C66 ) 
(Cll - C66 ) , 
(4) 
For unidirectional composites, the plane strain bulk modulus k, the Young's modulus EI in 
fibers direction, the axial shear modulus GI and the axial Poisson's ratio VI are given [8] 
by: 
k = km(kf +Gm)Vm + kf(k m +Gm)Vd((kf +Gm)Vm + kf(km +Gm)V d (5) 
GI =Gm(GmVm +G f (1+ Vr))/(Gm(1+ Vr)+GfVm) (6) 
EI = EmVm + EfVf + 4VmVf(Vf - vmf/(V;{f + V;{m + Yo,J (7) 
vI =vmVm +VfVf + VmVf(Vf-Vm(X:m - XJ/(V;{f + V;{m + Yo,J (8) 
The transverse shear modulus Gt is equalled to its lower bounds [9] by : 
From the preceding equations linking mauix and fibers propelties to the composite 
propelties, it is easy to predict the five independent composite elastic constants from the 
matrix and fibers propeI1ies : 
The other constants of a u'ansverse isotropic matelial are given by : 
(9) 
(10) 
(11) 
Figures 7 and 8 show the compalisons between the measurements of Cij and their 
predictions. Fonnula (9) associated with the lower bound of C66 , seems well cOlTelated 
with measurements. The largest discrepancy is related to the constant C l3 , for which we do 
not have any explanation now. 
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Figure 7. Comparison between measured and predicted Cij in the isotropic plane P12' 
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Figure 8. Compmison between measured and predicted Cij in the anisotropic plane P l3 . 
CONCLUSIONS 
This paper reports on preliminary measurements of elastic constant evolution of 
epoxy matrix/ glass fibers composite materials versus temperature. The main cause of 
measurement errors is identified and the temperature stability of the system is under way. 
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However, the elastic constant modifications are well con'elated with the predicted ones by 
micro mechanic models. 
Some other causes of enors are still difficult to detect. We need to find a way to be 
sure that the neat matrix propelties are the same than the composite matrix. The fibers 
propelties can be slightly different than those found in the literature. In the next steps of that 
work, we will try to elucidate those questions, before studying the complex stiffness [10] 
tensor versus temperature. 
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